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(71) We, International Harvester 
Company M.B.H. a Body Corporate organised 
and existing under tbe (Laws of the Federal 
Repiublic of Germany, oif Hansastrasse 20, 

5 4040 Neuss-Rbine, Geiniany, do hereby de- 
clare the invention, for whidh we pray that 
a Patent may be granted to us, and the method 
by which it is to be performed, to be particu- 
larly d^cribed in and by the following state- 

10 ment : — 

Tihis invention relates to r©:iprocating-pis- 
ton engines, tin particular to internal-combus- 
tion engines, including means for ootmter-bal- 
ancing liie inertia forces of the engine. 

15 'It is usual, in order to counter-balance the 
inertia forces in the engines, to arrange a onass, 
or masses, eccentrically to the axis of rotation 
of i&e engine cranik^aft or to mother axis oif 
rotation, 'niese balancing masses, or eccentric 

20 weigbts> cause intermittent jerk-l^e loads in 
the engine if the engine is atoniptly decelerated 
or accelerated. In order to reduce these loads 
the weights, df arranged direcdy on the crank- 
shaft eccentrically to its axis, are mounted 

25 thereon by means of torsion-resilient elements. 
IH^ however^ the eccentric weights are not 
mounted on ihe crankshaft, but^ for example, 
on an auxiliary balance induding a separate 
shalfit driven through gear wheels the craid:- 

30 shaft at double the crankshaft speed, torsional 
vibrations will occur in the geared clriye, even 
M the weight as resiliently mounted on its sepa- 
rate <^aft. These torsional vibrations in addi- 
tion to causing a considerable noise subjeot the 

35 gear wheels to a load whidi dls a multiple of 
the normal load exerted i^on the wheels. The 
main cause of these vSbrations and hence of 
the noise and of the excessive load is essoitial- 
ly the comparatively wide clearance between 

40 the mesfhing flanks of the gear wheels which 
in (Durn is determined by the (maximum toler- 
ances of the crankshaft mounting. 

The invention aims at reducing the load 
peaks in the geared drive between the eccentric 

45 weights and the crankshaft and at reducbg the 



noise. 'Accordingly, the invention consists in a 
reciprocating piston engine, particularly an in- 
ternal combustion engme, including a craidc- 
shaft and two rotatable eccentric weights ar- 
ranged to counterbalance the inertia forces of 50 
die engine, wherein each eccentric weight is 
carried by a respective one of two gear wheels, 
wherein one gear wheel is arranged to be dri- 
ven by a gear wheel moimted on the crankshaft 
and the other gear wheel is arranged to be 55 
driven by the one gear wheel, and wherein at 
least one of the gear wheels includes a torsion- 
resilient element located beatween the hiib df 
the wheel and its toothed rim. If only one tor- 
sion-resilient element is aisai> it is preferable 60 
if this is {fitted to the g^r wheel on die crank- 
sfaaifit. 

lAn advantage of an arrangement according 
to the invention m that tbe clearance between 
the flaz&s of tbe meshing gears may be re- 65 
duced considerably since the toision-res^ent 
element is inherently adapted ito yield in the 
event of the cianik^afi: jezkbi^ ^^us preiventinig 
or at le^t iminmiising the incident of fractures, 
ilh addition the torsion-resilient dement damp- 70 
ens the torsional vibrations so that an arrange- 
ment according to the invention reduces both, 
noise and recessive load on the gear wheels. 

The torsion-resilient element may be a con- 
tmuoos ring of a resilient substance, for exam- 75 
pie aubber, which is lockingly connected to the 
rim and the hub of its associated gear wheel 
so as to transmit force between them. If a nib- 
ber ring is used as the resHienit dement^ it 
onay be €xed in this fashion to its associated 80 
hub and rim by means of vulcanisation. Alter- 
natively, the torsion-resHient el^nent onay also 
be formed by a spring or brings or from an 
elastic material other than rubber. Like the 
contanuoius ring, tiiese alternative resilient-ele- 85 
ment forming materials are arranged between 
the hub and the toothed inm. 

According to a preferred embodiment of the 
invention, the external annular face of the hub 
— of the wheel carrying the resilient elem^ 90 



_ is provided with a set of radially ouwardly 
extcnSng projections while die mtcrnal ^nu^ 
lar face of the rim is provided with a set ot 
radially inwardly extending projections, the 

5 "o&n^ of both sets being angularly ^c«l 
knd arranged relatively to one another so that 
S« projections of the one set alternate wirii 
SosTof the other set. In diis instance, a resU- 
ient menAer wiU be arranged in ««« J* ™f 

10 spaces between any two alternating projecmons, 
Ae various resilient members V^S***^',^"^'"^ 
die torsion-resilient element. If. hke the con- 
tinuous ring, the various members consist rf 
rubber, the latter will only be siibject to a 

15 compressive load in one d^^f-""'. 

si*ject to an alternating load as in the caM 
af a continuous ring so that us working Me 

will be increased. t™. 
It is advantageous to use as the resihent 
oi\ substance for the ring or the resilient men*ers 
^ a material having a natural frequency which 
differs from the impulses generated by the ec- 
centric weights. . 

In order to make the invention more tnor- 
« oughly understood, two embodiments .thereof 
will now be described in more detail with ref- 
erence to the accompanying diagrammatic 

drawines, in which: . 

i is a front view, partly m secaon, 
Vi of a>rt of a crankshaft ipcludmg wsociat^ 
^ balanling means comprising two <«e«Pf 
weights mounted on . two ^ wheeb for 
counter-balancing the inema forces of the en- 

S5 ^'pLre 2 is a cross-sectional view of the 
cran&c including the gear^eel mounted 
eccentric weights taken along the hne II— 11 

^^IS 3 ^•s'^'^cross-seaional view on an en- 
40 larg^le^ofapartofagear^ee^^^^ 

on the aankshaft for dnvmg one of the wo 
^en^c-weight carrying gfar wheels, the 
^r ^^eel on the crankshaft being provided 
^hh r plurdity of resilient members between 
45 its hub and its rim. 

^ Referring now to Figures il and 2, a gea^ 
rim 3 is fined to ^hepenpheral face of an^ 
2 of a crankshaft il. The gear nm 3 is me^t^ 
.widi the teeth 6 of a gear wheel 4 which is 

SO rotatably mounted on a shaft disposed m a 
housing 12 arranged below the crankshaft 1. 
The hSusing 12 also accommodates a second 
identical gear wheel 5 rotatably mounted on 
a filrrher lhaft. The teeth 6 of the gear whec 

55 4 mesh with the teeth 7 of the gear whal 
5 -Each of the gear wheels 4 and 5 carries 
a mass, or eccentric weight 9 and 10, respec- 
rively, each being mounted on its associatea 
gear wheel eccentricaUy lo the axis of rotation 

60 of the wheel. The eccentric weights serve, as 
well known, to compensate the vjbranonal 

forces. . -J, 

The gear rim 3 includes a continuous rubber 
ring 16 integrally vulcamsed to and between 
65 its hub -14 and its toofrfied rim 15 in force- 



transmitting fashion. This nng serves as a tor- 
sion-resilient element. Due to the eoccntnc 
weights 9 and 10 on the gear wheels 4 and 
5 torsional vibration of the teeth occur wbich 
produces peak loads. These arc a multiple of 
ihe load normally acting upon the tce^ flanks 
during normal rotation of the gear v^heels 4 
and 5. The torsion-resilient elemcm, » tne 
rubber ring 16, reduces these torsional yjibia- 
nons and thus the load on the teeth flanks. 
The torsion-resilient element mstead of bemg 
built into the ivrticd 3 may altemanvely be ar- 
ranged between the teeth 6 and 7 of the gear 
wh^ls 4 and 5 respectively and theur hubs. 
In operation when the gear rim is rotated, 
for example in dock-wise direction, the gear 
wheel 4 wiU rotate in the opposite, or ann- 
dockwise direction. Since the teeth of the gear 
wheel 5 only mesh with those of the wheel 4, 
the former will rotate in a direction opposite 
the wheel 4, that is to say in the same direction 

as the gear rim 3. . 

A gear rim 17 iUustrated in part m Figure 
3 is arranged to be mounted, like the gear 
rim 3 illustrated in iFigures 1 and 2, on the 
web 2 of the crankshaft 1 . However, instead 
of using a continuous ring as the torsion-resil- 
ient element, the latter is formed by a plurahty 
of resilient members 20, for example of ric- 
her. In order to acconunodate these and to 
enable them to form a force-transmitting loc* 
between the toothed rim 19 and the hi^ 21 
of die wheel 17, the external annular face of 
the hub is provided with a set of radiaUy out- 
waidly extending projections 22 while the on- 
temal annular face of the rim 19 is provided 
with a set of radially inwardly extending pro- 
jections lJ3. Both sets of projections are angu- 
larly spaced and the projections -22 and Z3 
of tiie two sets so arranged relatively to one 
another that the projections of die one set al- 
ternate with those of the other set. TUc 
members 20 are disposed in the spaces between 
any two projections 22 and 23. 'An advantage 
of tiris emibodiment is that the members 20 
arc sid>ject substantially only to compressive 

loads. . M- - 1 

^As in die case of the torsion-rcsihent ele- 
ment iUustrated in Figures 1 and 2, a toRion- 
i^siHent element of tiie type ilhisttatcd in 
Figure 3 instead of being mounted on the 
crankshaft may be mounted on the gear wheeb 
4 and 5. As a further alternative, both types 
of the torsion-resilient element instead of being 
mounted on the crankshaft gear wheel oiJy or 
on die ccccmricweight carrying gear wheels 
only may be moimted on all gear wheels. 
WHAT WE CLAIM ES : — 
1. A reciprocating piston engme, parncu- 
larly an internal combustion engine, mcludmg 
a crankshaft and two rotatable eccentric 
weights arranged to countei4)alance the inertia 
forces of iche engine, wherein each eccentric 
weight is carried by a respective one of two 
gear wheels, wherein one gear wheel is ar- 
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ranged to be driven by a gear iwiied anounted 
on the crax^haft and the odier gear wheel 
is arranged to be driven by die one gear cnrheel^ 
and twherein at least one of ibe gear wheels 
5 includes a torston-resili^t element located be- 
tween the hub of the wheel and its toothed 
rim. 

2. A piston engine according to claim 1, 
wherein the gear wheel on the crsudc-shaft in- 

^0 clirdes the mrsion-resilient elemeniL 

3. A piston engine according to claim 1 or 
claim. 2f wiierein the one gear wheel ds ar- 
ranged to be rotated dn a direction opposite 
to the direction of rotation d the gear wheel 

15 on (the crankshaft. 

4. A pistcm eixgine according to any of the 
preceding claims, wherein the gear wheels car- 
lying the eccentric wdghts are contra-rotating 
wheels. 

20 5. A piston engine according to any oif the 
preceding cladms, wherein the torsion-resilient 
element is a comtinuous ring of a resilient sub- 
stance joined to the hub and the rim in such 
a fashion as to form a force-transmitting lock 

25 between them. 

6. A piston engine according to any of the 
claims 1 to 4> wherein the external annular 



face of the hub is provided with a set of radi- 
ally outward^ extending projections while the 
internal annular face of the rim is 
provided with a set of radially 
inwardly extending projections, the pro- 
jections of both sets being angularly 
spaced and arranged in relation to one another 
so «that the prcrjecdons of the one set alternate 
with the projections cf ^e cftSaer seiy and 
wherein a resilient memiber is arranged in eadh 
of the spaces betwe^ any two alternating pro- 
jections. 

7. A piston engine accoxding to <daim 5 or 
claim 6y '\R^erein the resHient siibsstance or the 
resiHeot member is rubber. 

8. A reciprocating piston engine stcbstan- 
tially as herein described with reference to 
Figures 1, 2 and Figure 3, zespecdv^y, of the 
accompanying diagrammaric drawings. 
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